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We address soliton transmission and reflection in nonlinear photonic lattices embedded into uniform Kerr nonlinear media. We 
show that by introducing disorder into the guiding lattice channels, one may achieve soliton transmission even under conditions 
where regular lattices reflect the input beam completely. In contrast, in the parameter range where the lattice is almost transparent 
for incoming solitons, disorder may induce a significant reflection.  
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Soliton propagation in quasi-periodic and random refractive 
index landscapes has been extensively discussed over the 
last years [1-4]. Under appropriate conditions, disorder may 
completely change the evolution of light. It may cause the 
formation of spatially localized states even in linear lattices 
[5-9]. In the fully nonlinear regime,  disorder may result in 
trapping of strongly localized walking solitons [10] or, vice 
versa, it may facilitate the transport of such states in quasi-
periodic lattice [11]. Disorder leads to Brownian soliton mo-
tion [12,13] and percolation [14]. Most of previous studies 
address the effect of disorder on light evolution in infinite 
periodic systems, while the effects that may become avail-
ab
sion even 
un
er conditions where  when the regu-
r lattice is transparent. 
We use the nonlinear Schrödinger equation to describe 
the propagation of light beams inside a disordered optical 
lattice imprinted in a Kerr nonlinear medium: 
 
le in finite disordered systems have not been studied yet. 
In this Letter we consider soliton transmission and reflec-
tion by disordered nonlinear photonic lattices of finite width 
embedded into a uniform medium. Transmission in such 
lattices may be obtained by tailoring solutions in the uni-
form medium and in the lattice using continuity conditions. 
Thus, waves in the uniform medium should be matched 
with Bloch-like lattice eigenfunctions. Since disorder drasti-
cally affects the topology of lattice eigenfunctions one ex-
pects considerable disorder-induced modifications in the 
transmission and reflection properties. Backscattering ex-
periments have been already used to study Anderson local-
ization in strongly scattering media, such as semiconductor 
powders [15,16]. Here we show that addition of disorder into 
finite lattices may lead to considerable transmis
der conditions where the corresponding regular lattice 
reflects the input beam completely, or, vice-versa, one may 
increase reflection und
la
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he linear refractive index modulation depth; 
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ed within the segment d d[ , ]S S− + . Such array with a fi-
nite number of guides n  is embedded into an unbounded 
uniform Kerr nonlinear medium. We set 11p = , 0.3a = , 
and 1.6d =  that correspond to a refractive index contrast 
1nδ ≈ the wavelength 0.8 mλ μ=  and for a 
waveguid ng of 16 mμ . 
To gain intuitive insight, we first conducted a qualitative 
analysis where gui  considered as scatterers 
characterized by co ients 
1 n the Born approxim w rs the 
net amplitude reflection coefficien
exp( )iαη  interacting with an array of n  guides can be es-
timated
1 mm= m  is the phase difference for waves backscattered by the first and 
m -th waveguides. In the regular array where m d  
the energy r ction coefficient is therefore given by 
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Bragg condition d Mα π=  ( 1,2,...)M =  is satisfied one gets 
a considerable reflection with 2nr n∼ . In contrast, in a dis-
ordered array the mean value of energy reflection coefficient 
is given by 
ρ . If 
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Figure 1. The averaged (over  realizations) propagation dynam-
ics of broad solitons 0.05=  colliding with disordered arrays 
of waveguidesat (a 26 , S , ( 6 , S , 
6 , S , (d) .80 d 4.80 , 
d , and (f) 5.26 , dS . In (a)-(e) n while in 
(f) 31n = . Dashed lines indicate the mean positions of the cen
 310
dα =
=
with 
 ) b)
(c) 
χ
5. =
4
α =
0.42
α =
rray. 
0.00
, S
0.30
 5.2α =
0.00= , (e) 
=
d 0.30=α =
15 , 
tral 
5.2α =
0.30=
veguide in t
d =
he a
S
wa
 
Figure 2. (a) Reflection coefficient in the regular arrays versus input 
angle for different number of ides. (b) Reflection and trans-
mission coe  ve
wavegu
fficients rsus number of waveguides at . In 
al
In the simula
 5.26α =
l cases the input soliton has form-factor 0.05χ= . 
tions we use as the input the soliton 
0 00 sech[ ( )]exp[ ( )]iξ χ χ η η α η η= = − −  having a form-
factor χ  and launched into a uniform nonlinear medium far 
from the finite array. Here α  stands for the incidence angle 
m e. We calcu-
late statistically averaged reflection 
q
easured from the array edge in the  plan( , )η ξ
ref in/R U U=  and 
transmission tr inU
part
/T U=  coe
low for a icular
s
fficients, where the re-
flected energy f der realization is 
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U = ∫ 2
tr end
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the final distance end 02 /ξ η α=  was selected to ensure 
sufficiently large separation f the output reflected and
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ansmitted beams from the array edges. in 2U χ=  in the 
input soliton energy flow. The level of disorder is controlled 
by the parameter dS . 
In regular lattices the transmission and reflection coeff -
cients for broad low-power solitons depend strongly on the 
incidence angle α  [17]. While for certain angles total reflec-
tion occurs [see propagation dynamics in Fig. 1(a) for 
5.26α= ], even moderate detuning of α  from the resonant 
values results in almost complete soliton transmission [see 
Fig. 1(d) fo . This is illustrated in Fig. 2(a), that 
shows the angular dependencies of the reflection coefficient 
for different number of waveguides n . Note the qualitative 
similarity of these dependencies and the expression for the 
reflection coefficient 2 2sin ( )/ sin (n d dα α∼  obtained in the 
Born ation. The maxima in ( )R α  are caused by 
spectrum. Th flection occurs when 
the propagation constant of the input beam, given by 
2/2b α=−  at 0χ→  falls into one of the finite gaps of th
4.= 80α ]
)
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Figure 3. (a) Reflection coefficient versus disorder level for 15n =  
at 5.26α =  (curve 1) an 0α  (curve 2). (b) Reflection coeffi-
cient versus disorder level for 31n =  at 5.26α =  (curve 1) and 
4.68α =  (curve 2). (c) Reflection and transmission coefficients vs 
n  at 5.26α = , d 0.30S = . In all cases 0.05χ= . 
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ove picture may change drastically in the presence of dis-
order. Thus, addition of even weak disorder with d 0.3S =  
reases the mean transmission coefficient T  of a 
lattice that otherwise reflects all light launched at the reso-
nant angle 5.26α=  [compare Fig. 1(b) showing the aver-
aged reflection dynamics of  disorder s with ) 
corresponding to regular lattices]. 
Interestingly, larger disorder does not necessarily result in 
larger transmission: Fig. 1(c) illustrates that a further 
growth of disorder up to d 0.42S = increases the average 
reflection on the lattice. Under appropriate conditions, dis-
order may also result in the opposite effect. Namely, it can 
suppress soliton transmission completely. Thus, Fig. 1(e) 
shows the averaged dynam
ed 
dS
ntrast to
eciable refl
 Fi
α=
where 
g. 1(a
 and 
appearance of considerable 
reflection. This is in com d), for 
ection. When the 
d so 
4.80  
where one can clearly see the 
n
regular lattice without any app
ber of waveguides grow
g. 1(
does the width of the statistically averaged reflected beam 
[Fig. 1(f)]. The beam becomes asymmetric and it may have 
long exponentially decaying tails which are typical of the 
diffusive regime of light scattering. 
 
Figure 4. Histograms of the reflection coefficient calculated for 130
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Figures 4(a) and 4(b) show histograms of the reflection co-
efficient calculated over  random lattice realizations. 
Both his ng a con-
n and most probable val-
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n  of refra e inde ntrast and to the overall de-
cr
tested in 
uide arrays that ricated (see, e.g., 
[8])  or created by optical lattice induction, a technique spe-
cially suited to address statistical problems [6]. It is worth 
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s
alizations of disordered waveguide arrays for 0.05χ= , 15n = , 
5.26α =  at d 0.2S =  (a) and 0.3  (b). (c) Reflection coefficient ver-
sus disorder level for 15n = , 5.26α =  at 0.05χ=  (curve 1), 0.50  
(curve 2), and 1.00  (curve 3). 
The statistical properties of the soliton transmission are 
analyzed in Figs. 3(a) and 3(b). For incident angles corre-
sponding to resonant reflection (curves 1) the statistically 
averaged reflection coeff  first decreases, thus indi-
cating disorder-induced partial transparency, and then 
starts performing decaying oscillations, gradually approach-
ing a limiting value at large values of dS . We did not in-
crease disorder beyond /2d  because for d 0.8S >  the 
neighboring guides may overlap (note that already at 
d 0.4S >  the width of eigenmodes in the disordered lattice 
becomes smaller than the array width). In c t, for α  
values detuned from the resonant angle (curves 2) one ob-
es an almost monotonic growth of the reflection coeffi-
cient with increasing dS , indicating disorder-induced partial 
reflection. For all values of  the input angle α   the reflection 
coefficient R  approaches the same limiting value at strong 
diso uch limiting value grows as the number of 
waveguides increases. For example, for 15n =  the limiting 
value amounts to about 0.3 , while for 31n =  it approaches 
t R
Fi
m
ontras
disorder dS =
ission coeffi-
 The plots show a 
arison to regular lattices 
serv
rders.
0.
d( )R S  is
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[see Fig. 2(b)]. 
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ch slower growth of 
5 . This indicates that the largest variations of the reflec-
tion coefficien  available in arrays with small n , while 
the largest variations of the transmission are possible in 
arrays with large n . In any case, th first deep minimum of 
tograms are strongly asymmetric, indicati
siderable difference between mea
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cies of the re
 are presented in 
R
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ection and transm
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1300
s of R . At the small disorder d 0.2S =  reflection scenar-
ios dominate, but already at d 0.3S =  transmission becomes 
re probable. 
Nonlinearity substantially affects the reflection properties 
ice [see Fig. 4(c) that depicts the average reflection 
coefficient versus dS  for different form-factors χ  of input 
soliton]. The impact of nonlinearity is most pronounced in 
weakly disordered arrays with d 0.3S <  where addition of 
nonlinearity results in drastic reduction of reflectio  
the regular case. This occurs due to the reduction of reflec-
tion on individual guides due to nonlinearity-mediated di-
mi ish
 latt
ing
sets of waveg
V. 
ture 
. La
n
ctiv x co
use 
loukh
 Lett
ease of the number of scatterers covered by the soliton. 
Interestingly, at d 0.3S =  when disorder results in maximal 
diminishing of reflection coefficient in the linear case, the 
coefficient R  is almost insensitive to variations in χ . 
Summarizing, the disorder-induced soliton transmission 
and reflection reported here illustrate another example of 
the new phenomena that appear due to the interplay be-
tween disorder and nonlinearity. Here we focused on predic-
tions for the averaged quantities, which may be 
may be fab
the disorde
v. Lett. 10
, and L. Tor
ge
. 83, 2183 (19
tressing, however, that our predictions have key implica-
tions beyond statist
may occur for every sample. 
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